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HIGHLIGHTS 


•  Mesoporous  Li3V2(P04)3@CMI<-3  nanocomposite  is  synthesized  via  a  sol-gel  method. 

•  Li3V2(P04)3  particles  disperse  both  inside  and  outside  CMK-3  mesoporous  channels. 

•  The  Li3V2(P04)3@CMK-3  nanocomposite  exhibits  good  electrochemical  performance. 
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The  mesoporous  Li3V2(P04)3@CMK-3  nanocomposite  has  been  firstly  synthesized  by  a  sol-gel  method. 
The  X-ray  diffraction  (XRD),  transmission  electron  microscopy  (TEM)  and  nitrogen  adsorption-de¬ 
sorption  measurements  show  that  the  Li3V2(P04)3@CMK-3  nanocomposite  exhibits  the  pure  monoclinic 
structure  and  mesoporous  morphology.  Li3V2(P04)3  has  particle  sizes  of  <50  nm,  and  are  embedded  in 
the  mesoporous  channels  as  well  as  well  dispersed  on  the  CMK-3  surface.  Electrochemical  measurements 
demonstrate  that  the  Li3V2(P04)3@CMK-3  nanocomposite  shows  significantly  better  rate  capability  and 

cycling  performance  than  the  bulk  Li3V2(P04)3.  In  the  potential  range  of  3.0— 4.3  V,  the  Li3V2(P04)3@CMK- 

3  nanocomposite  delivers  high  initial  discharge  capacity  of  130.0  mAh  g  1 *  at  0.2  C,  and  maintain  an 

initial  discharge  capacity  of  119.5  and  107.8  mAh  g-1  at  5  C  and  10  C,  respectively.  After  300  cycles,  it  can 

still  retain  a  discharge  capacity  of  95.4  and  73.5  mAh  g-1  at  5  C  and  10  C,  respectively.  The  good  elec¬ 

trochemical  performance  for  the  Li3V2(P04)3@CMK-3  nanocomposite  are  related  to  the  special  meso¬ 

porous  structure,  nanosized  particles,  and  the  existence  of  conductive  carbon  matrix,  thus  leading  to 
improvement  in  electron  and  lithium  ion  diffusivity. 

©  2013  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Lithium  ion  batteries  have  attracted  considerable  attention  as 
important  energy  storage  and  conversion  systems  for  applications 
including  electric  vehicles  (EVs),  hybrid  electric  vehicles  (HEVs)  and 
smart  grids,  owing  to  their  high  energy  and  power  density,  as  well 
as  long  cycle  life.  Recently,  lithium  transition  metal  phosphates, 
such  as  LiFeP04,  LiMnP04  and  Li3V2(P04)3,  have  been  considered  as 
potential  cathode  materials  for  lithium  ion  batteries,  because  the 
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above-mentioned  phosphates  display  much  better  electrochemical 
and  thermal  stability  compared  to  conventional  lithium  metal  ox¬ 
ide  cathodes  [1,2],  Among  these  phosphates,  monoclinic 
Li3V2(P04)3  is  one  of  the  most  promising  cathode  materials  due  to 
its  high  theoretical  capacity,  high  operating  voltage,  and  safety 
performance  [3,4], 

Unfortunately,  Li3V2(P04)3  has  an  inherent  low  electronic  con¬ 
ductivity  (10  8-10-7  S  cm-1)  [3,5],  which  limits  its  practical  appli¬ 
cation  in  the  high-power  batteries.  Doping  with  alien  ions  [6—10] 
and  coating  with  conductive  materials  such  as  metal  [11],  metal 
oxide  [12],  or  carbon  [13,14]  are  two  main  methods  to  enhance  the 
electronic  conductivity.  Besides,  fabricating  nanosized  particles  is 
also  an  effective  way.  However,  nanoscaled  particles  tends  to 
aggregate  during  high  temperature  calcination  and  electrochemical 
process  owing  to  the  small  size  and  high  surface  energy  [15],  Thus, 
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how  to  maintain  a  uniform  dispersion  of  Li3V2(PC>4)3  nanoparticles  is 
an  important  and  challenging  issue,  especially  in  the  area  of  high- 
power  lithium  ion  batteries,  because  aggregation  of  nanoparticles 
result  in  the  poor  power  performance.  As  reported  previously,  one  of 
the  most  effective  approach  is  embedding  Li3V2(P04)3  nanoparticles 
in  the  irregular  porous  carbon  matrix,  which  can  suppress  the 
agglomeration  of  nanoparticles,  thus  improving  the  rate  perfor¬ 
mance  of  nano-structured  Li3V2(P04)3  cathode  materials  [16-20]. 

In  recent  years,  CMK-3,  a  kind  of  ordered  mesoporous  carbon 
frameworks,  has  been  used  as  conductive  and  mesoporous  matrix  in 
lithium  ion  batteries,  because  it  not  only  provides  a  fast  ion/electron 
transport  path  and  good  contact  of  electrolyte  with  electrode  mate¬ 
rial,  but  also  acts  as  a  rigid  skeleton  for  active  particles  that  prevents 
the  aggregation  and  growth  of  nanoparticles.  Some  mesoporous 
electrode  materials,  including  LiFePC>4  [21  ],  Li2MnSi04  [22],  Ti02  [23], 
LL}Ti50i2  [24],  MoS2  [25],  and  Sn02  [26],  have  been  synthesized  via 
using  CMK-3  as  a  carbon  matrix,  which  exhibit  satisfactory  electro¬ 
chemical  performance.  For  example,  Wang  et  al.  [21]  developed 
highly  ordered  mesoporous  LiFePCU/C  nanocomposite  cathode  ma¬ 
terials  by  a  two-step  nanocasting  technique,  in  which  LiFeP04 
nanoparticles  distributed  both  inside  and  outside  mesopore  channels 
in  CMK-3  carbon  matrix.  The  as-prepared  LiFePC^/C  nanocomposite 
presented  good  rate  capability  and  cycling  performance  at  the  low 
and  high  current  rates,  because  of  its  mesoporous  structure.  In  this 
work,  we  firstly  report  on  a  sol— gel  method  to  synthesize  the 
Li3V2(PC>4)3@CMK-3  nanocomposite.  The  morphology  and  electro¬ 
chemical  performance  of  the  as-prepared  nanocomposite  have  been 
investigated.  Li3V2(P04)3  has  particles  size  of  less  than  50  nm,  and  are 
anchored  both  inside  and  outside  CMK-3  mesoporous  channels.  By 
comparison  to  the  bulk  Li3V2(P04)3,  the  as-prepared  Li3V2(- 
PC>4)3@CMK-3  nanocomposite  exhibits  improved  electrochemical 
performance,  especially  at  higher  current  rates,  which  can  be  attrib¬ 
uted  to  its  mesoporous  structure,  nanoscale  Li3V2(P04)3  particles  and 
conductive  carbon  matrix. 

2.  Experimental 

2.1.  Synthesis  of  Li3V2(P04)3@CMK-3  nanocomposite  and  bulk 
Li3V2(P04)3 

CMK-3  was  purchased  from  Nanjing  Xfnano  Materials  Tech  Co., 
Ltd,  China,  and  treated  by  nitric  acid  to  enhance  the  hydrophilicity 
before  use.  The  Li3V2(P04)3@CMK-3  nanocomposite  was  synthesized 
by  a  sol— gel  method.  Firstly,  0.91  g  vanadium  pentoxide  (V2Os)  and 
1.98  g  oxalic  acid  dihydrate  (C2H204-2H20)  in  a  stoichiometric  mole 
ratio  of  1 :3  were  dissolved  in  deionized  water  under  magnetic  stirring 
at  50  °C.  After  a  clear  blue  solution  was  obtained,  a  mixture  of  1.73  g 
phosphoric  acid  (FI3PO4,  >85  wt%  in  H20)  and  0.99  g  lithium  acetate 
(CFbCOOLi)  was  added  to  the  above  solution.  While  stirring  for  1  h, 
then  0.2  g  CMK-3  was  added  to  the  mixed  solution  and  continues  to 
stir  at  room  temperature  for  another  12  h.  The  solution  was  stirred  at 
50  °C  to  evaporate  the  water  and  dried  at  100  °C  to  remove  the  excess 
water.  The  precursor  was  pre-heated  at  350  °C  for  4  h  under  Ar  at¬ 
mosphere,  then  was  grounded  and  calcined  at  750  °C  for  8  h  under  Ar 
atmosphere  to  yield  Li3V2(P04)3@CMK-3  nanocomposite. 

The  bulk  Li3V2(P04)3  was  prepared  by  a  sol-gel  method  as 
previous  reported  [27,28],  The  synthesis  route  is  the  same  to  the 
Li3V2(PC>4)3@CMK-3  except  the  citric  acid  was  used  to  instead  of 
CMK-3.  The  citric  acid  not  only  serves  as  a  chelating  agent  but  also 
as  a  carbon  source. 

2.2.  Materials  characterization 

The  structures  of  the  as-prepared  samples  were  characterized 
by  X-ray  diffraction  measurement  (XRD,  Rigaku,  D/max-RBusing  Cu 


Ka  radiation  with  X  —  1.5418  A).  The  morphologies  were  examined 
by  a  transmission  electron  microscopy  (JEM-201 0HT).  Surface  areas 
were  obtained  by  a  N2  adsorption  analyzer  (Micromeritics  ASAP 
2020).  The  carbon  amounts  were  determined  by  C-S  00  infrared 
carbon— sulfur  analyzer. 

2.3.  Electrochemical  measurement 

The  galvanostatic  charge-discharge  tests  of  the  as-prepared 
samples  were  conducted  in  CR2016  coin-type  cells  with  a  Land 
CT2001  battery  tester  at  different  C  (1  C  =  133  mAh  g-1)  rates.  The 
potential  range  was  between  3.0  and  4.3  V,  and  the  same  charge  and 
discharge  rates  were  used.  The  mesoporous  Li3V2(P04)3@CMK-3 
nanocomposite  electrodes  were  prepared  by  using  80  wt%  composite, 
10  wt%  carbon  black,  and  10  wt%  polyvinylidene  fluoride  (PVDF).  The 
bulk  Li3V2(P04)3  electrodes  were  prepared  by  using  75  wt%  bulk 
Li3V2(P04)3, 15  wt%  carbon  black,  and  10  wt%  PVDF.  The  weight  of 
active  material  (Ii3V2(P04)3)  was  calculated  by  subtracting  the  weight 
of  the  residual  carbon  from  total  weight  of  the  as-prepared  samples. 
The  active  material  loading  was  in  the  range  of  1-2  mg  cm-2.  The 
coin-type  battery  test  cells  (size  2016R),  each  of  which  contained  a 
cathode,  a  Li  metal  anode,  1  M  LiPF6  in  EC/DMC  (1/1  vol  %)  as  the 
electrolyte,  and  a  glass  fiber  filter  (Whatman,  GF/A)  as  the  separator, 
were  fabricated  in  an  argon-filled  glove  box  (M.  Braun  Co., 
[02]  <  1  ppm,[H20]  <  1  ppm).  Cyclic  voltammetry  dates  were  carried 
out  with  a  CHI604b  electrochemical  workstation  at  a  scan  rate  of 
0.2  mV  s_1  in  the  range  of  3.0— 4.3  V.  Electrochemical  impedance 
spectroscopy  (EIS)  measurement  was  obtained  with  a  CHI604b 
electrochemical  workstation  in  the  frequency  range  of  100  kHz- 
10  mHz  with  an  excitation  voltage  of  5  mV. 

3.  Results  and  discussion 

Fig.  1  shows  the  XRD  patterns  of  the  Li3V2(P04)3@CMK-3  com¬ 
posite  and  bulk  Li3V2(P04)3.  It  can  be  seen  that  both  of  two  samples 
have  the  monoclinic  single  phase  with  the  space  group  (P2i/n), 
which  are  consistent  with  the  previous  report  [3],  Moreover,  no 
diffraction  peaks  of  carbon  are  detected,  suggesting  that  the  carbon 
in  the  Li3V2(P04)3@CMK-3  composite  as  well  as  in  the  bulk 
Li3V2(P04)3  are  amorphous,  and  do  not  affect  the  crystallize 
structure  of  Li3V2(P04)3.  The  content  of  residual  carbon  is  10.1%  for 
the  Li3V2(P04)3@CMK-3  composite,  and  3.6%  for  the  bulk 
Li3V2(P04)3. 
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Fig.  1.  XRD  patterns  of  synthesized  samples  (a)  Li3V2(P04)3@CMK-3,  (b)  bulk 
Li3V2(P04)3. 
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The  morphology  of  as-obtained  samples  is  analyzed  by  TEM.  As 
shown  in  Fig.  2(a),  CMK-3  has  mesoporous  channel  structures  with 
a  uniform  pore  size  of  several  nanometers.  Fig.  2(b)  and  (c)  presents 
TEM  images  of  Li3V2(PC>4)3@CMK-3  composite.  It  can  be  observed 
that  the  size  of  the  Li3V2(PC>4)3  particles  is  less  than  50  nm,  and 
Li3V2(PC>4)3  nanoparticles  are  embedded  in  the  mesoporous  chan¬ 
nels  as  well  as  distributed  on  the  CMK-3  surface  after  impregnation 
and  calcinations  process.  The  Li3V2(P04)3@CMI<-3  composite  has  a 
nearly  same  mesoporous  structure  as  that  of  CMK-3,  which  is 
beneficial  to  penetration  of  electrolyte  into  the  mesopores  and 
contact  between  electrolyte  and  Li3V2(P04)3  active  nanoparticles 
[21,25],  In  addition,  from  the  insert  image  in  Fig.  2(c),  the  lattice 
spacing  is  clearly  present,  indicating  single  crystallinity  of  the  as- 
prepared  nanocomposite,  which  is  in  good  agreement  with  the 
XRD  result.  The  0.37  nm  space  corresponds  to  the  (121)  crystal  face 
of  the  nanocomposite  [17],  Fig.  2(d)  depicts  a  TEM  image  of  the  bulk 
Li3V2(P04)3.  Agglomerated  particles  with  a  large  particle  size  of 
more  than  100  nm  and  irregular  structure  can  be  found  for  the  bulk 
Li3V2(P04)3-  Besides,  the  carbon  layer  coated  on  the  surface  of 
Li3V2(PC>4)3  particles  is  not  uniform. 

The  nitrogen  adsorption— desorption  measurements  are 
employed  to  investigate  the  structure  and  the  Brunauer-Emmett- 
Teller  (BET)  surface  areas  of  the  CMK-3,  Li3V2(P04)3@CMK-3 
nanocomposite  and  bulk  Li3V2(P04)3,  and  the  isotherms  of  above- 
mentioned  samples  are  displayed  in  Fig.  3.  Both  CMK-3  and 
Li3V2(PC>4)3@CMK-3  nanocomposite  show  a  typical  IV  isotherms 
with  a  H,  hysteresis  loop  at  a  relative  pressure  P/Po  of  around  0.5, 
which  is  characteristics  of  mesoporous  materials  [29],  On  the  other 
hand,  the  bulk  Li3V2(P04)3  shows  a  II  isotherm,  agreeing  with 
typical  adsorption  for  non-porous  materials.  The  BET  surface  areas 
are  1075.2  m2  g-1  and  92.9  m2  g-1  for  pure  CMK-3  and  Li3V2(- 
P04)3@CMK-3  nanocomposite,  respectively. 

The  CV  curves  of  the  Li3V2(P04)3@CMK-3  nanocomposite  and 
bulk  Li3V2(P04)3  with  a  scanning  rate  of  0.2  mV  s-1  in  the  range  of 
3.0— 4.3  V  are  shown  in  Fig.  4.  Both  of  them  show  three  oxidation 


peaks  and  three  corresponding  reduction  peaks,  which  are  consis¬ 
tent  well  with  lithium  ion  extraction/insertion  during  the  phase 
transition  processes:  Li3V2(P04)3  <->  Li2V2(P04)3  <->  LiV2(P04)3  [30], 
In  the  case  of  the  Li3V2(PC>4)3@CMK-3  nanocomposite,  the  oxidation 
peaks  are  located  at  3.64,  3.72  and  4.14  V  vs.  Li/Ii+,  and  three  cor¬ 
responding  reduction  peaks  are  located  at  4.00,  3.63  and  3.55  V  vs. 
Li/Li+.  For  the  bulk  Li3V2(PC>4)3,  the  oxidation  peaks  are  located  at 
3.68, 3.77  and  4.20  V  vs.  Li/Li+,  and  three  reduction  peaks  are  located 
at  3.95,  3.58  and  3.48  V  vs.  Li/Li+.  Compared  with  the  bulk 
Li3V2(PC>4)3i  the  Li3V2(PC>4)3@CMK-3  nanocomposite  shows  smaller 
potential  difference  between  reduction  peaks  and  oxidation  peaks, 
suggesting  that  such  nanocomposite  has  lower  electrochemical 
polarization  and  better  reversibility  [17,31,32], 

Fig.  5  shows  the  initial  charge-discharge  curves  of  the  meso¬ 
porous  Li3V2(P04)3@CMK-3  and  bulk  Li3V2(PC>4)3  electrodes  in  the 
potential  range  of  3.0— 4.3  V  at  different  rates.  It  is  evident  that 
both  of  them  exhibit  three  charge  plateaus  and  three  discharge 
plateaus  at  the  low  rate  of  0.2  C,  corresponding  to  the  two-phase 
transition  process,  which  is  similar  to  the  CV  result.  When  the  rate 
is  up  to  5  C,  the  charge  and  discharge  plateaus  for  the  Lr^]- 
P04)3@CMK-3  sample  are  still  maintained,  however,  the  plateaus 
for  the  bulk  Li3V2(P04)3  are  not  clearly  visible.  The  mesoporous 
LbV2(  P04)3@CMK-3  sample  is  able  to  deliver  an  initial  discharge 
capacity  of  130.0  mAh  g”1  at  the  rate  of  0.2  C,  which  is  close  to  the 
theoretical  capacity  (133  mAh  g-1).  Although  increasing  current 
rate  leads  to  a  decrease  in  the  discharge  capacity,  high  initial 
discharge  capacities  of  127.2, 125.5, 124.0, 119.5  and  107.8  mAh  g-1 
can  still  be  reached  at  the  rate  of  0.5  C,  1  C,  2  C,  5  C  and  10  C, 
respectively,  indicating  that  the  nanocomposite  has  good  rate 
capability.  In  comparison,  the  bulk  LbV2(P04)3  sample  delivers 
initial  discharge  capacities  of  122.1,  119.5,  116.7,  112.9  and 
100.3  mAh  g  1  at  the  rate  of  0.2  C,  0.5  C,  1  C,  2  C  and  5  C, 
respectively.  Clearly,  the  Li3V2(PC>4)3@CMK-3  nanocomposite  ex¬ 
hibits  higher  initial  discharge  capacities  than  the  bulk  Li3V2(PC>4)3, 
and  this  difference  enhances  at  higher  current  rates. 


Fig.  2.  TEM  images  of  the  (a)  CMK-3,  (b,  c)  Li3V2(P04)3@CMK-3,  (d)  I 


Li3V2(P04)3. 
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P04)3@CMK-3,  (c)  bulk  Li3V2(P04)3. 


In  order  to  investigate  the  cycle  life  of  as-prepared  samples,  the 
cycling  performance  at  different  rates  was  examined  and  displayed 
in  Fig.  6.  It  is  observed  that  the  Li3V2(P04)3@CMI<-3  sample  shows 
acceptable  cycling  performance.  After  100  cycles,  it  can  present 
discharge  capacities  of  126.3  mAh  g  1  with  97.2%  capacity  retention 
and  123.8  mAh  g-1  with  97.3%  capacity  retention  at  0.2  C  and  0.5  C, 
respectively.  When  operated  at  1  C,  2  C,  5  C  and  10  C,  the  discharge 
capacities  of  119.5, 110.4,  95.4  and  73.5  mAh  g  _1  can  be  obtained 
after  300  cycles,  respectively.  On  the  other  hand,  the  bulk 
Li3V2(P04)3  sample  delivers  discharge  capacity  of  111.4  mAh  g-1 
with  95.5%  capacity  retention  after  100  cycles  at  1  C.  Recently, 


Potential  vs.  (Li/Li+)/V 


Fig.  4.  CV  curves  of  the  as-prepared  Li3V2(P04)3@CMK-3  nanocomposite  and  bulk 
Li3V2(P04)3  at  a  scan  rate  of  0.2  mV  s  1  in  the  range  of  3.0-4.3  V. 


Bockenfeld  et  al.  [28]  synthesized  two  different  Li3V2(P04)3  sam¬ 
ples  via  a  sol-gel  method,  and  found  that  Li3V2(P04)3  electrodes 
can  be  successfully  used  as  cathode  and  anode  materials  in 
different  half-cell  configurations  and  electrochemical  devices. 


Specific  capacity  (mAh  g'1) 


Fig.  5.  Initial  charge-discharge  curves  of  (a)  Li3V2(P04)3@CMK-3  and  (b)  bulk 
Li3V2(P04)3  electrode  in  the  range  of  3.0-4.3  V  at  various  rates. 
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Cycle  number 

Fig.  6.  Cycle  performances  of  (a)  Li3V2(P04)3<®CMK-3  and  (b)  bulk  Li3V2(P04)3  elec¬ 
trode  in  the  range  of  3.0-4.3  V  at  various  rates. 


When  Li3V2(P04)3  electrodes  are  used  as  cathode  materials  in  half¬ 
cell  configurations,  the  capacity  retention  of  the  bulk  Li3V2(P04)3 
sample  prepared  in  our  work  is  similar  to  that  of  the  Li3V2(P04)3 
sample  synthesized  by  Bockenfeld  et  al.  at  1  C.  Additionally,  it  can 
be  seen  that  when  the  current  rate  is  increased  to  5  C,  the  discharge 
capacity  of  the  bulk  Li3V2(P04)3  sample  prepared  in  our  work  de¬ 
creases  rapidly  at  the  initial  cycles,  and  then  only  retain  about 
65.0  mAh  g-1  after  several  cycles. 

As  expected,  the  Li3V2(P04)3@CMK-3  sample  exhibits  better  rate 
capability  and  cycling  performance  than  the  bulk  Li3V2(P04)3i 
arising  from  the  following  several  factors.  Firstly,  the  Li3V2(- 
P04)3@CMI<-3  sample  has  a  mesoporous  structure,  which  allow  the 
electrolyte  to  penetrate  into  the  mesopores  easily  and  provide  good 
contact  between  the  electrolyte  and  Li3V2(PC>4)3  nanoparticles. 
Secondly,  nanosized  Li3V2(PC>4)3  particles  (<50  nm)  decrease  the 
diffusion  distance  of  lithium  ions,  which  is  favorable  for  lithium  ion 
extraction  and  insertion  [16,20],  Finally,  the  carbon  framework  can 
improve  electronic  conductivity  of  the  nanocomposite  and  accel¬ 
erate  electron  transport  [21—26], 

To  further  understand  the  electrochemical  kinetic  properties  of 
as-prepared  samples,  electrochemical  impedance  spectroscopy 
(EIS)  measurements  are  carried  out,  and  the  corresponding  Nyquist 
plots  are  shown  in  Fig.  7(a).  Both  samples  have  similar  EIS  curves. 
The  small  intercept  is  related  to  the  solution  resistance  (Rs);  the 
depressed  semicircle  in  the  middle  frequency  represents  the 
charge-transfer  resistance  (Rct)  and  the  double-layer  capacitance 


(Cdi);  the  sloping  line  in  the  low  frequency  is  attributed  to  Warburg 
impedance  associated  with  the  diffusion  of  lithium  ions  in  the 
electrode  (Zw)  [33],  An  equivalent  circuit  model  w  displayed  in  the 
insert  of  Fig.  7(a)  for  analyzing  impedance  spectra.  The  Rct  value  of 
the  Li3V2(PC>4)3@CMK-3  sample  is  much  smaller  (108.3  Q)  than  that 
of  the  bulk  Li3V2(PC>4)3  (311.7  Q),  demonstrating  that  the  electrons 
can  transfer  more  easily  between  Li3V2(PC>4)3  particles  and  the 
electrolyte  for  the  Li3V2(P04)3@CMK-3  sample,  as  a  result  of  its 
mesoporous  structure  [34]  and  better  carbon  network  [24],  Fig.  7(b) 
presents  the  linear  fittings  ofZ'  vs.  square  root  of  frequency  (w-1^2) 
in  the  low  frequency  region.  In  comparison  with  the  bulk 
Li3V2(P04)3,  the  Li3V2(P04)3@CMK-3  sample  has  a  lower  slope, 
indicating  higher  lithium  ion  diffusion  coefficient  of  such  sample, 
which  is  derived  from  the  nanoscale  Li3V2(P04)3  particles  [35], 

4.  Conclusions 

In  summary,  we  have  successfully  fabricated  the  mesoporous 
Li3V2(P04)3@CMK-3  nanocomposite  by  a  sol-gel  method.  The  size 
of  the  Li3V2(PC>4)3  particles  is  less  than  50  nm,  and  Li3V2(P04)3 
nanoparticles  disperse  uniformly  both  inside  and  outside  CMK-3 
mesoporous  channels.  Compared  to  the  bulk  Li3V2(PC>4)3,  the  as- 
prepared  Li3V2(P04)3@CMK-3  nanocomposite  exhibits  much 
improved  electrochemical  performance,  particularly  at  higher 
current  rates.  The  results  should  be  attributed  to  the  mesoporous 
structure,  nanosized  particles  as  well  as  conductive  carbon  frame¬ 
work  for  Li3V2(PC>4)3@CMK-3  nanocomposite,  which  can  enhance 
the  electronic  conductivity  and  lithium  ion  diffusion. 


Z'(0) 


of'  2  (Hz  '  2) 

Fig.  7.  (a)  Nyquist  plots  of  as-prepared  samples,  (b)  the  relationship  between  Z'  and 
u_lp  in  the  low  frequency  region. 
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